Apart from the perihelion precession of Mercury's elliptical orbit, the gravitation between the Mercury and the Sun certainly causes the change of the radial position of the Mercury. Calculation shows that the major-axis contraction of Mercury's elliptical orbit is 14.2 km which can be observable with present astronomical distance measurement technology.
I. INTRODUCTION
Mercury is the planet closest to the Sun, the innermost in the solar system [1, 2] . She revolves around the Sun in an elliptical orbit at a mean distance of about 57.9 million km; the orbital period is 0.24 Earth years [1, 2] . At perihelion Mercury is 46.0 million km from the Sun, and at aphelion it is at a distance of 69.8 million km, and the orbital eccentricity e which is rather large (e ≈ 0.2056) [1, 2] . It was a historical puzzling that there was from Newtonian theory of gravitation an anomalous precession of the perihelion of Mercury, 43 seconds of arc per century, and in 1915 Einstein proposed to take such a procession as an observational evidence for the test of theory of general relativity [4] . Nowadays, it is the standard approach that the gravitation must be understood within the general relativity. A curious question on the gravitational influence on the Mercury's elliptical orbit is in the following. For an elliptical orbit with sun at one focus, one can conveniently choose the focus as origin of polar coordinates, and there are two coordinates, polar angular and radial ones, usually denoted by ϕ and r respectively, to specify the position of the planet. The gravitation must simultaneously have effects on both the angular and radial motion. We can ascertain that the change of the radial motion is small, and might have been unobservable when the general relativity was establishing in 1915 or some years later, and it may be observable today. Then, what magnitude of the change of the Mercury's radial position due to the gravitation? What is more, it is well-known that the gravitation causes length contraction, so one can wonder whether the gravitational length contraction of the circumference directly results in the reduction of the major axis and we know that the ellipse nearly the same though not exactly closed. The final result turns out to be contrary to our intuition but compatible with the general relativity.
This paper is organized in the following. In section II, we show the gravitational length contraction of the circumference of the elliptical orbit, and in section III, we give the gravitational major-axis contraction of the ellipse. In final section IV, a brief conclusion is given.
II. GRAVITATIONAL LENGTH CONTRACTION OF THE CIRCUMFERENCE OF THE ELLIPSE
For an ellipse whose equation is, with p ≡ a(1 − e 2 ) and a standing for the semi-major axis,
, and the perimeter L = 4aE(e) with E(e) denoting the complete elliptic integral of the second kind. For a circle of radius a, we have with e = 0, S = πa 2 and L = 4aE(0) = 2πa with E(0) = π/2. In Newtonian theory of gravitation for planets in the solar system, the elliptical orbit satisfies following Binet's equation [3] ,
where u = r gs /r with r gs ≡ GM/c 2 denoting the gravitational radius of the Sun, and GM being the product of gravitational constant and the mass of the Sun and c being the velocity of light speed, and b = GM/(cL) = r gs c/L with L being the dimensionless specific angular momentum. For the Sun, r gs ∼ 1.47 km, and for Mercury, mean value of radius isr ∼ 57.9 million km, we have b 2 ∼ū = r gs /r ≈ 0.25 * 10 −7 . The solution to equation (2) is,
Next, we calculate the gravitational length contraction of the circumference. For a static and weak gravitational field, the arc length element ds without gravitational field will contract into dl [3] [4] [5] 
The amount of the contraction of the circumference is, with r = r gs /u 0
This result is understandable for 6.35 ≈ 2π and ∆L ≈ 2πr gs is clearly due to the gravitation of the Sun. Here, we stress that in curved space, the circumference L of a circle of radius a is longer than 2πa. In analogy, we have for an elliptical orbit, smaller contraction of the circumference L must accompany a larger contraction of the major-axis [5] ,
One might attempt to give the contraction of the major-axis in a way similar to (4), which would certainly lead to the well-known Ehrenfest's paradox [5] . So, we must resort to other mean to give the correct result.
III. GRAVITATIONAL MAJOR-AXIS CONTRACTION OF THE ELLIPSE
Once the gravitation is static and weak, the Einstein's theory of general relativity predicts that Mercury's orbit satisfies following nonlinear equation, an extension of the Binet's equation,
In this equation, the quantity 3u 2 ∼ 0.19 * 10 −14 is a perturbation. This equation can not be solved exactly, and we utilize the standard perturbation method [6] to get an appriximate solution. For obtaining an approximate solution, we can conveniently introduce a small parameter ε into equation (7)
which can also be rewritten into following form, with consideration of the possible frequency normalization t ≡ ωϕ,
The perturbation solution of this equation takes the following form,
where the subscripts 0, 1, 2, ...in expansion of u and ω denote the orders of approximation. When all calculations are done, we set ε = 1.
The zero order solution of the elliptical orbit is already given by the Newtonian theory of gravitation, i.e., (3) . The first order solution u 1 (ϕ) satisfies following equation,
The initial conditions are [6] ,
The solution to equation (11) is,
The second term is secular for it contains t sin t which is nonphysical and must be eliminated by setting,
which accounts for the procession of the perihelion of Mercury [3] [4] [5] . To see it explicitly, we have up to the first order approximation of ε, i.e., O(b 2 ), the perihelion of Mercury is reached once the polar angle ϕ meets following requirement,
The difference between two successive points of closed approach of the Sun is [3] [4] [5] ∆ϕ ≈ 6πb
Meanwhile, the first order correction of ε (but of order O(b 4 )) to the inverse of the dimensionless radial position u = r gs /r is from (13),
Combination of this result and the unperturbed one (3) gives,
We see that the radial position is, 
The distance between the perihelion and the aphelion, i.e., the major-axis of the ellipse, is shortened, and the difference is,
Assuming that the elliptical orbit is approximately the same, we have the corresponding contraction of the circumference, 4∆aE(e) ≡ 2 |∆r| E(0.21) ≈ 42.17 > 9.34, compatible with anticipation (6). Even possibly hard to measure, the amount of the area contraction can be easily carried out, which is given by, 
The relative reduction of the elliptical orbit's area is independent of r gs , ∆S S ≈ −b 2 3(2 + e + e 2 ) (1 − e) ≈ −8.56b 2 ∼ 10
IV. CONCLUSIONS AND DISCUSSIONS
Since the gravitation between Mercury and the Sun must have influences on both radial and angular positions, we compute the gravitational major-axis contraction of Mercury's elliptical orbit. The result is 14.2 km which can be confirmed in the observation of the Mercury's orbit. We have also calculate the gravitational length contraction of the circumference of the orbit, and see that the curved space alters the relation between the circumference and the major-axis, in which the circumference is longer than that in flat space for a given major-axis.
